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ABSTRACT

BACKGROUND AND PURPOSE: Fetal MRI has become a valuable tool in the evaluation of open spinal dysraphisms making studies
comparing prenatal and postnatal MRI findings increasingly important. Our aim was to determine the accuracy of predicting the level of
the spinal dysraphic defect of open spinal dysraphisms on fetal MR imaging and to report additional findings observed when comparing
fetal and postnatal MR imaging of the spine in this population.

MATERIALS AND METHODS: A single-center retrospective analysis was performed of fetal MRIs with open spinal dysraphisms from 2004
through 2016 with available diagnostic postnatal spine MR imaging. Images were reviewed by 2 board-certified fellowship-trained pediatric
neuroradiologists. Corresponding clinical/operative reports were reviewed.

RESULTS: One hundred nineteen fetal MRIs of open spinal dysraphisms were included. The level of the osseous defect between fetal and
postnatal MR imaging was concordant in 42.9% (51/119) of cases and was 1 level different in 39% (47/119) of cases. On postnatal MR imaging,
type II split cord malformation was seen in 8.4% (10/119) of cases, with only 50% (5/10) of these cases identified prospectively on fetal MR
imaging. Syrinx was noted in 3% (4/119) of prenatal studies, all cervical, all confirmed on postnatal MR imaging.

CONCLUSIONS: Fetal MR imaging is accurate in detecting the level of the spinal dysraphic defect, which has an impact on prenatal
counseling, neurologic outcomes, and eligibility for fetal surgery. In addition, fetal MR imaging is limited in its ability to detect split cord
malformations in patients with open spinal dysraphisms. Although rare, fetal MR imaging has a high specificity for detection of cervical
spinal cord syrinx.

ABBREVIATION: OSD � open spinal dysraphism

Fetal MR imaging has been well-established as a powerful tool

in the prenatal evaluation of the neuroaxis and continues to

play an increasing role in prenatal diagnosis, management, and

counseling.1,2 The Management of Myelomeningocele (MOMS)

trial remains the sentinel work driving more centers across the

country to offer prenatal repair of open spinal dysraphisms (OSDs),

for which fetal MR imaging has become an essential part of the work-

up, guiding clinical management.3,4

Despite the heavy reliance on fetal MR imaging in the evalua-

tion of open spinal dysraphisms and its use in the selection of

candidates for fetal surgery, the scientific literature examining

MR imaging of the fetal spine is limited, and there are very few

studies that compare pre- and postnatal MR imaging findings.5-8

Determining the level of the defect is a key component of the

inclusion criteria for fetal surgery and provides valuable informa-

tion for prognosis and prenatal counseling.8,9

Our aim was to determine the accuracy of predicting the upper

level of the spinal dysraphic defect of open spinal dysraphisms on

fetal MR imaging and to report additional findings observed when

comparing fetal and postnatal MR imaging of the spine.

MATERIALS AND METHODS
Study Design
This study is a single-center, retrospective chart review. The case

list was manually compiled from all the fetal MRIs performed at

Cincinnati Children’s Hospital Medical Center in Cincinnati,
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Ohio, between 2004 and 2016. Inclusion criteria were fetuses with

diagnostic-quality fetal MRIs for OSD (either myelomeningocele

or myelocele).10 Only fetuses with adequate available postnatal

neuroimaging and clinical/neurosurgical follow-up were in-

cluded. Criteria for adequate postnatal neuroimaging for this

study included a diagnostic-quality MR imaging of the spine

within the first 3 months of life, which was used as the gold stan-

dard in this study. Determination of diagnostic-quality imaging

was made at the neuroradiologists’ discretion. The images were

viewed in the PACS. A chart review was performed to obtain

relevant clinical data. This study was compliant with the Health

Insurance Portability and Accountability Act and was approved

by the institutional review board. The requirement for informed

consent was waived.

Scanning Parameters
All fetuses included in our study were scanned prenatally on a

1.5T magnet at Cincinnati Children’s Hospital Medical Center by

using a Ingenia 1.5T (Philips Healthcare, Best, the Netherlands)

or 1.5T Signa HDxt (GE Healthcare, Milwaukee, Wisconsin) sys-

tem. The spinal dysraphism protocol included axial, sagittal, and

coronal T2-single-shot FSE and balanced fast-field echo/FIESTA

images of the neuroaxis at 3- to 4-mm slice thickness with no skip.

Although this imaging protocol did not change during the study

period, the TR and TE varied on each scanner and were changed at

times of scanner upgrades to optimize image quality. At least 2

stacks of images in each plane were obtained to the radiologists’

satisfaction. The smallest FOV possible was used. Postnatal MR

imaging was performed on 1 of 6 inpatient clinical magnets with

evolving imaging protocols across the years. By 2014, T2-single-

shot FSE images were largely replaced by T2-FSE images, and by

2015, true fast imaging with steady-state precession/FIESTA im-

ages became a routine part of the postnatal spinal dysraphism

protocol.

Image Interpretation
All images were reviewed by 2 board-certified radiologists

(U.D.N., B.M.K.-F.), both with added qualifications in pediatric

radiology and fellowship training in pediatric neuroradiology.

The readers were blinded to the pre- and postnatal imaging find-

ings and reported fetal sonographic findings at the time of inter-

pretation. Differences were resolved by consensus.

Multiple imaging parameters were evaluated on fetal MR im-

aging of the spine. The superior level of the spinal dysraphic defect

was determined on fetal MR imaging by establishing the most

caudal spinal hyperintense disc space as L5–S1 and the lowest

horizontal vertebral body as L5 and by counting vertebral bodies

superior to the highest level of the absence of the posterior ele-

ments at the bone/skin defect.8 On postnatal MR imaging, the

defect level was determined superior to inferior by examining the

entire spine, with the odontoid being labeled C2 and assuming 7

cervical vertebral bodies and 12 thoracic vertebral bodies. The

presence of an arachnoid cyst, defined as an intradural extramed-

ullary thin-walled CSF-intensity fluid collection, was docu-

mented. The presence or absence of a measurable postoperative

fluid collection, visible spinal cord syrinx, or type II split cord

malformation was also documented.11

Additional intracranial findings on fetal MR imaging were re-

corded, including the degree of posterior fossa hindbrain hernia-

tion by Chiari grades 1–3, with grade 1 having a patent fourth

ventricle and cisterna magna, grade 2 having effacement of the

fourth ventricle with a patent cisterna magna, and grade 3 having

effacement of both the cisterna magna and the fourth ventri-

cle.12,13 Lateral ventricular size, by measuring the transverse

atrial diameter on an axial or coronal image, and third ventric-

ular size, by measuring the transverse diameter on a coronal

image, were also recorded.13-15 The presence or absence of a

clubfoot and, when present, whether it was unilateral or bilat-

eral were also routinely reported.16

Statistical Analysis
Descriptive analyses were performed to demonstrate the distribu-

tion of the imaging findings. Continuous variables were presented

as means � SDs, and categoric variables were presented as num-

ber (percentage). A 2-sample t test or 1-way ANOVA was used to

detect the differences in continuous variables among different

groups. The correlation among categoric variables was assessed by

the �2 or Fisher exact test when appropriate. All analyses were

performed using the Statistical Analysis System, Version 9.4 (SAS

Institute, Cary, North Carolina). A P value � .05 was considered

statistically significant.

RESULTS
Description of Cohort
A total of 119 fetuses (52 male, 67 female) met the criteria and

were included in this analysis. The average gestational age at fetal

MR imaging was 23.9 � 3.6 weeks in the cohort as a whole. While

31.9% (38/119) of fetuses underwent open in utero repair of

OSD, the remaining 68.1% (81/119) underwent postnatal re-

pair. The average age at postnatal spine MR imaging was

19.9 � 20.2 days. These and other descriptors of the cohort are

summarized in Table 1.

Imaging Findings

Level of the Defect. The upper level of the osseous defect on fetal

MR imaging ranged from as high as T10 to as low as S3. Most

patients had lumbar defects, 68.9% (82/119), with the largest per-

Table 1: Summary of cohort
Characteristics Data (N = 119)

Sex
Male 43.7% (52/119)
Female 56.3% (67/119)

Average GA at fetal MRI (wk) 23.9 � 3.6
Fetal Chiari grade

III 81.5% (97/119)
II 11.8% (14/119)
I 6.7% (8/119)

Clubfoot
None 76.5% (91/119)
Unilateral 5.9% (7/119)
Bilateral 17.6% (21/119)

In utero vs postnatal repair
Open in utero repair 31.9% (38/119)
Postnatal repair 68.1% (81/119)

Average age at postnatal spine MRI (days) 19.9 � 20.2

Note:—GA indicates gestational age.
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centage being at L4 (23.5%, 28/119);13.4% (16/119) had a defect

at S2 or lower (Fig 1); 42.9% (51/119) had the same defect level

interpreted on postnatal spinal MR imaging compared with the

fetal MR imaging; 39.5% (47/119) were 1-level discrepant; 11.8%

(14/119) were discrepant at 2 levels; and 5.9% (7/119) were 3-lev-

els discrepant (Fig 2). Of the discrepant levels, 42.6% (29/68) were

interpreted as lower than on the postnatal MR imaging and 57.4%

(39/68) were higher on postnatal MR imaging; 13.4% (16/119)

of patients were interpreted as having a defect at S2 or S3, which

would preclude them from fetal surgery; 62.5% (10/16) of these

patients were concordant to the exact level on postnatal MR im-

aging and 25% (4/16) were higher and 12.5% (2/16) were lower.

There was a significant correlation between the level of the

defect and lateral ventricular size (P � .001) on fetal MR imaging,

with a higher defect level correlating with larger lateral ventricular

size. There was no significant correla-

tion between defect level and Chiari

grade, third ventricular size, and the

presence of a clubfoot (Table 2).

Split Cord Malformation and Syrinx.
On fetal MR imaging, the possibility of

a type II split cord malformation was

raised in 13% (16/119) of patients; how-

ever, only 31% (5/16) were confirmed

on postnatal MR imaging. On postnatal

MR imaging, split cord malformation

was seen in 8.4% (10/119) of cases, with

only of 50% (5/10) of these cases identi-

fied prospectively on fetal MR imaging

(Fig 3). Syrinx was noted in 3% (4/119)

of prenatal studies, all cervical, all con-

firmed on postnatal MR imaging; how-

ever, fetal MR imaging was performed

after the second trimester in 75% (3/4)

of these patients (Fig 4).

Postnatal Spine MR Imaging. Postnatal MR imaging was per-

formed in all patients at an average age of 19.9 � 20.2 days; 31.9%

(38/119) of patients had undergone prenatal repair; 65.5% (78/

119) had undergone postnatal repair; 2.5% (3/119) of patients

had spine MR imaging before postnatal repair; 39% (47/119) of

postnatal spine MRIs had evidence of spinal cord syrinx, and of

these subjects 29.8% (14/47) had undergone prenatal repair, 68%

(32/47) had undergone postnatal repair, and 2% (1/47) was im-

aged before postnatal repair. Measurable postoperative extraspi-

nal fluid collections were seen in 32.8% (38/116) of postnatal

spine MRIs, 5.3% (2/38) of these patients had undergone prenatal

repair; 3.4% (4/119) of patients had intraspinal arachnoid cysts

on postnatal spine MR imaging, 50% (2/4) of whom had under-

gone prenatal repair; 36.2% (42/116) of patients did not have any

evidence of syrinx, fluid collection, or arachnoid cyst on postnatal

spine MR imaging, 50% (21/42) of whom had undergone prenatal

repair (Table 3).

DISCUSSION
We describe our experience with spine imaging findings of OSD

on fetal and postnatal MR imaging and have made several obser-

vations: Concordance within 1 level of the osseous defect was seen

in 82% of patients between pre- and postnatal MR imaging. There

was a significant correlation between the level of the defect and

lateral ventricular size (p � 0.001), with a higher defect level cor-

relating with larger lateral ventricular size. Fetal MR imaging was

limited in its ability to identify split cord malformation in this

population. Finally, syrinx was noted in only 3% of prenatal stud-

ies; however, all were cervical and all were confirmed on postnatal

MR imaging.

Existing literature describing the accuracy of prenatal level as-

signments of the OSD defect, defined as the highest open poste-

rior vertebral arch, is quite limited. One series described equal

accuracy of fetal sonography and fetal MR imaging in level assign-

ments for myelomeningocele compared with postnatal imaging,

though it was observed that prenatally assigned levels using either

FIG 1. Distribution of defect levels on fetal MR imaging.

FIG 2. Sagittal balanced fast-field echo/FIESTA image from fetal MR
imaging at 24 weeks’ 5 days’ gestational age (A) demonstrates findings
of a lumbosacral myelomeningocele with the upper level of the spinal
dysraphic defect beginning at L4. Sagittal T2-FSE image from postna-
tal MR imaging of the spine in the same patient at 20 days of age (B)
shows postoperative changes from OSD closure, with the upper level
of the defect again beginning at L4 (same level), with L3 having an
intact neural arch (arrow).
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technique may vary by �2 segments from the postnatal assigned

levels in at least 20% of cases.17,18 Our study has similar findings

and adds to the literature our experience in a larger cohort in

which we found that the exact level of concordance between fetal

and postnatal MR imaging was only 42.9% (51/119) and was

within 1 level of concordance in 82% (98/119) of patients. The

reasons are multifactorial and may, in part, relate to the very small

size of the fetus being imaged, making it challenging to resolve

millimetric-sized landmarks, in addition to the lack of ability to

resolve the disc spaces in the entire spine for accurate vertebral

body counting on fetal MR imaging. In addition, determination

of the defect level may be compromised postnatally by the post-

operative changes, making a dysraphic defect at the surgical mar-

gin versus scar tissue challenging to differentiate. Also, normal

anatomic variations in vertebral body counting, such as the pres-

ence of 6 lumbarized vertebral bodies, were not taken in to ac-

count on fetal MR imaging. This information is important, par-

ticularly when selecting candidates for fetal surgery because

fetuses with a defect lower than S1 do not meet the selection cri-

teria per the MOMS trial.19

There is literature describing the correlation of the prenatal

defect level with the postnatal neurologic function, making the

identification of the defect level prenatally of potential impor-

tance in counseling.20 Despite previous sonographic literature de-

scribing no significant relationship between defect level and ven-

tricular size, our study illustrates how a higher spinal defect is

associated with larger lateral ventricular size on fetal MR imaging

in a larger sample size.21 This finding is of potential clinical sig-

nificance because larger ventricles on prenatal imaging have been

shown to be associated with an increased need for shunting in

those undergoing fetal surgery.22 On the contrary, despite previ-

ous literature describing a higher incidence of foot deformity with

higher lesion levels, we did not observe a significant correlation

between the fetal spinal defect level and the presence of clubfoot

deformity in our cohort.23 This finding suggests that the patho-

physiology of this disease process is complex and influenced by

multiple factors, and further studies may be helpful in improving

prenatal counseling. Our study also adds the observation that

there was no significant correlation between defect level and

Chiari grade or third ventricle size.

Prenatal diagnosis of split cord malformation, also known as

diastematomyelia, has been described in a few isolated cases; how-

ever, the diagnostic reliability of fetal MR imaging in a larger

population is still unclear.24,25 Our series adds to the literature by

demonstrating a relatively limited ability of fetal MR imaging to

identify type II split cord malformation. The lack of our ability to

consistently identify split cord malformation prospectively on fe-

tal MR imaging can likely be explained by the very small size of the

fetus being imaged. However, it is less clear why cases in which

split cord malformation was questioned prenatally were not con-

firmed on postnatal MR imaging. It is possible that clumped nerve

roots from the ventral neural placode or a prominent anterior

median fissure of the spinal cord was mistaken for split cord mal-

formation on fetal MR imaging.26,27 Another possibility is that

postoperative changes from OSD closure obscure the underlying

split cord malformation on postnatal MR imaging. While the as-

sociation between type II split cord malformation and open spinal

dysraphisms is known and does not preclude fetal surgery, know-

ing that our ability to diagnose this prenatally is limited may be

helpful in counseling. There are notable clinical implications of

split cord malformation in this population: Not only do these

patients often require more extensive surgical untethering early in

life or at the time of primary repair, but they are also at increased

risk of tethered cord syndrome and progressive scoliosis

postnatally.28-31

Our study also adds to the literature a description of imaging

findings on postnatal spine MR imaging in patients with OSD

after both prenatal and postnatal repair. Most notably, we ob-

served that syrinx can be seen in association with open spinal

dysraphism on fetal MR imaging.32 We describe its incidence in a

relatively large sample of fetuses with open spinal dysraphism

(3.4%, 4/119) and demonstrate a high specificity of fetal MR im-

aging, particularly in the third trimester, because all fetuses with a

prenatally diagnosed syrinx in our series had the same findings on

Table 2: Significance of defect level on fetal MRI
Chiari

Grade (I–III)
Lateral Ventricular

Size (mm)
Third Ventricular

Size (mm)
Clubfoot (Absent,

Unilateral, Bilateral)
Level of spinal dysraphic defect P � .07 P � .001 P � .86 P � .3

FIG 3. Axial T2-single-shot FSE image through a 23 weeks’ 3 days’
gestational age fetus (A) with a myelocele demonstrates splitting of
the neural placode (arrow), consistent with a type II split cord mal-
formation. Axial balanced fast-field echo/FIESTA image from postna-
tal spine MR imaging of the same patient at 4 weeks of age confirms
the prenatal findings of split cord malformation status post repair
(arrow).

FIG 4. Sagittal balanced fast-field echo/FIESTA image from fetal MR
imaging at 32 weeks’ gestational age (A) shows a spinal cord syrinx in
the cervicothoracic spine (arrow). Sagittal balanced fast-field echo/
FIESTA image from postnatal spine MR imaging in the same patient at
1 month of age (B) shows persistence of the syrinx (arrow).
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postnatal MR imaging. The increased incidence of syrinx on post-

natal MR imaging (39.5%, 47/119) compared with prenatal MR

imaging (3.4%, 4/119) is likely explained by ongoing associated

abnormalities of CSF flow dynamics in this population, including

hindbrain herniation, hydrocephalus, and tethered cord rather

than a missed congenital syrinx.33 Although postoperative fluid

collections were more frequently seen in the postnatal repair

group (46.2%, 36/78) compared with the prenatal repair group

(5.3%, 2/38), this finding can likely be explained by the relative

time of imaging after the operation. We also add our observed

incidence of intraspinal arachnoid cysts on postnatal spine MR

imaging in this patient population (3.4%, 4/119), which was seen

equally in those that underwent prenatal versus postnatal repair.

Our study has some limitations. First, this is a retrospective

study, which limits its internal validity. Also, given that this is a

single-institution study performed within a certain timeframe, its

external validity may be limited as well. Along those same lines,

this study is also likely subject to some degree of selection bias

because the data were collected from one of the largest referral

centers in the country for prenatal repair of open spinal dysra-

phisms. Also, given that imaging studies were acquired during a

12-year period on multiple different clinical magnets with peri-

odic upgrades, the heterogeneity of scanning parameters may af-

fect our results as well. In clinical practice, sonography is often

used in conjunction with fetal MR imaging to determine the de-

fect level of an open spinal dysraphism, and in our practice, we

emphasize the sonographic findings for defect level in fetal coun-

seling because some believe that sonography can better delineate

the osseous structures of the fetal spine than fetal MR imaging.34

However, given that sonography is highly operator-dependent,

which is problematic in clinical practice and in the context of a

retrospective analysis, studies in fetal MR imaging of the spine are

becoming increasingly important.

CONCLUSIONS
We describe several observations at our institution on fetal and

postnatal MR imaging of the spine in patients with OSD and add

to the existing literature several important findings. First, fetal

MR imaging is accurate in detecting the level of the dysraphic

defect, which has an impact on prenatal counseling, neurologic

outcomes, and eligibility for fetal surgery. We also found that a

higher defect level correlated with increased fetal ventricular

size. Second, we describe additional findings of associated split

cord malformation and spinal cord syrinx on fetal MR imaging

in this population. Fetal MR imaging was limited in its ability

to identify split cord malformation in our series. Finally, al-

though cervical spinal cord syrinx is uncommon, we found

fetal MR imaging to be a useful tool for detecting it in patients

with OSD.
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